I've never been the sort of person who can cite literature with encyclopedic accuracy, but occasionally a study will seize my attention and lodge indelibly in my memory. ''Mechanics of the Healed Meniscus in a Canine Model,'' by Alan Newman and his colleagues from the University of Utah, was such a paper. 21 Although it was published more than 2 decades ago, this thorough investigation of the potential of repaired menisci to regain normal function yielded thought-provoking results that are still pertinent today.
In a study involving 38 dogs, the authors first incised the medial menisci to simulate either peripheral longitudinal or radial tears and then repaired them. Some animals were evaluated 13 weeks later and others after 26 weeks. Newman et al analyzed the results with a comprehensive approach that prospective salami slicers might consider emulating. They measured the compression stiffness of the entire joint via cyclic loading on a materials testing machine, checked for changes in tibiofemoral contact area using pressure-sensitive film, determined the material properties of the healed radial lesions by loading each specimen to failure, and finally evaluated the repair sites histologically with 5 different stains.
In brief, they found that the menisci with peripheral longitudinal injuries healed and recovered normal function, whereas those with simulated radial tears did not. The peripheral tears healed with synovial ingrowth and a thin linear scar, which produced whole joint stiffness and tibiofemoral contact area that were equivalent to the contralateral control knee. The edges of the radial tears, in contrast, progressively spread and healed with 3 to 5 mm of translucent fibrovascular scar that frequently failed to fill the gap completely. This nonanatomic healing produced joints with diminished tibiofemoral contact that were stiffer than controls and menisci with compromised materials properties, resulting in some early degenerative changes. It is certainly possible that stronger sutures, postoperative immobilization, or restricted weightbearing might have produced more favorable outcomes for the radial repairs. The authors' experience nevertheless constitutes an edifying cautionary tale for surgeons who would attempt to repair radial tears of the menisci. Theoretically, radial meniscal tears should be repairable; however, the disruption of the circumferential collagen fibers presents a great practical challenge to the repair construct, which must keep the severed edges approximated while biological healing takes its course.
I was reminded of this study when I read ''Second-Look Arthroscopic Findings After Repairs of Posterior Root Tears of the Medial Meniscus'' by Seo, Lee, and Jung, which appears in this issue of The American Journal of Sports Medicine. 25 This new paper reports the results of surgically repairing a very specific type of radial lesion produced by tearing or avulsion at the posterior insertion of the medial meniscus into the tibia. This injury has been receiving more attention lately after flying below the journalistic radar for quite some time.
Beasley et al 4 noted that posterior root meniscal tears seem to have a bimodal distribution-one type that occurs in younger athletes and another that appears in middleaged, often heavier individuals. The injuries in young athletes seem to be relatively rare and have been chronicled primarily in case reports 10, 12, 20, 23 or subsumed in series composed primarily of middle-aged patients. Brody et al 6 reported an association between anterior cruciate ligament injuries in athletes and posterior root meniscal tears, more commonly involving the lateral meniscus.
Many reports of root tears in middle-aged patients have originated in Asia, raising the question of whether genetics or cultural practices may encourage their development. 5, 11, 18, 22 Habata et al 11 reported 26 cases in 22 female patients with a mean age of 56 years. Eighty-five percent recalled an acute onset of pain, usually following minor trauma. In that series, in which the average interval between symptom onset and arthroscopy was 4.2 months, associated degenerative changes of the articular cartilage were common but fairly mild. Bin et al 5 detected 96 cases of posterior horn radial tears, a full 27.8% of the medial meniscal lesions they treated arthroscopically during the time period of their study. Seventy-eight percent of these patients were over 50 years of age. Although many of the patients had associated degenerative changes, the authors were fairly sanguine about the results of partial meniscectomy, reporting an improvement in the mean Lysholm score from 68 preoperatively to 83.4 when reevaluated 28.3 months after surgery. By contrast, Ozkoc et al 22 reported a more modest result in their sampling of similarly aged subjects (mean 55.8 years): an improvement in the Lysholm score from 53 to 67. In their population of mostly obese patients, they noted that the surgery reduced symptoms but did not halt the progression of osteoarthritis.
Because posterior root detachment is associated with extrusion of the meniscus and profound loss of its mechanical function, 3, 14, 19 a link to degenerative arthritis is not surprising. While posterior root tears are not the only cause of meniscal extrusion, they seem to be a major one. In a radiological study, Costa et al 8 observed that more severe extrusion was associated with more severe degenerative change. Certain types of medial meniscal tears were specifically associated with major extrusion: larger radial tears in 21%, complex tears in 59%, and posterior root tears in 42%.
The key question surrounding this pathogenetic link is this: Which occurs first, meniscal extrusion or arthritic changes of articular cartilage? Several authors, noting that a percentage of knees with meniscal extrusion have no degenerative changes, conclude that extrusion precedes articular cartilage erosion and can produce radiographic joint-space narrowing in the absence of associated articular cartilage wear. 1, 9, 12, 15, 17, 26 Reviewing a large MRI database, Gale et al 9 noted that meniscal subluxation was more prevalent and more severe in patients with symptomatic osteoarthritis but also present in asymptomatic controls. Because the study was cross-sectional, the authors could not determine whether all asymptomatic patients with meniscal subluxation ultimately progress to symptomatic osteoarthritis.
In light of the evidence suggesting that posterior root tears often lead to meniscal extrusion and subsequent joint degeneration, it is not surprising that several authors have described techniques for repairing them. Most of these techniques utilize transosseous drill holes to reinsert the posterior horn into the tibia, 2,10,13,20,24 although Choi et al 7 described the use of a suture anchor.
Theoretically, proper reattachment of the posterior horn should restore normal meniscal function. In cadaver studies, in fact, this has been shown to be true. Using electronic pressure sensors, Marzo and Gurske-DePerio 19 found that posterior horn avulsion of the medial meniscus increased peak medial contact pressure from 3841 kPa to 5084 kPa while decreasing medial compartment contact area from 594 mm 2 to 474 mm 2 . Allaire et al 3 showed with pressuresensitive film that a simulated posterior root tear led to a 25% increase in peak medial compartment contact pressure and significant increases in external rotation and lateral tibial translation compared with the intact knee. In both studies, reinserting the meniscus through drill holes reversed the pathological changes.
So meniscal reinsertion works in theory and in cadaver knees, but does it work in practice? A few case reports 10, 13, 20 and a larger clinical series 16 have been promising. Lee et al 16 performed 27 repairs in 26 knees and were able to obtain 2-year follow-up on 21 knees. The average age of these patients was 51.2, but they ranged as young as 23. Clinically, they demonstrated an improvement in Lysholm scores from 57.0 (range, 42-78) to 93.1 (range, 85-100). Only 1 patient showed a progression of radiographic signs of osteoarthritis. The authors also performed second-look arthroscopies in 10 cases, finding that all 10 had healed without the appearance of any new chondral lesions.
The current report by Seo et al 25 relates less encouraging findings. Although clinical outcome on the Lysholm score improved from 56.1 (range, 41-71) to 83.0 (range, 69-91), the authors did not feel that any of the 11 menisci that they visualized during second-look arthroscopy had fully healed. After carefully probing the posterior horns of the repaired menisci, they judged that 5 had lax healing, defined as an apparent increase in mobility with good meniscal continuity; 4 had scar-tissue healing, defined as a meniscus that could be easily raised with a probe and was connected to the tibial insertion only by scar tissue; and 2 had no evidence of healing at all.
The basis for the clinical improvement in this series is uncertain. Perhaps reattachment of the meniscus with less than anatomic tension is enough to stabilize the structure and eliminate symptoms, although this does not explain why 1 patient with no visible healing was also pain-free. Although only 1 patient had progression of articular cartilage changes, it seems questionable that loose healing would be sufficient to restore normal meniscal function and prevent degenerative changes in the longerterm.
The reason for the difference in the second-look arthroscopic findings observed by Seo et al and those of Lee et al is also unclear. One possibility is that Seo's group probed the menisci more thoroughly and critically. Another explanation is that subtle differences in surgical technique or postoperative management produced better results in the series of Lee et al. A third is that the patients of Seo et al presented a less favorable biological substrate. In any case, one swallow does not a spring make and one case series does not constitute indisputable evidence for the efficacy or ineffectiveness of a surgical technique. Future studies will tell us more definitively what degree of success we can expect from repair of meniscal root tears. It is clear, however, that anatomic healing did not occur in the menisci reexamined by Seo et al. This in itself should serve to remind us that what works in theory does not necessarily succeed in practice, a lesson with application far beyond the limited topic of meniscal root tears.
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